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BIOLOGICAL BULLETIN 



REGULATION OF HARENACTIS ATTENUATA 
IN ALTERED ENVIRONMENT. 

C. M. CHILD. 

In the course of several months work during the autumn and 
winter of 1905-6 at the laboratory of the San Diego Marine 
Biological Association, in La Jolla, California, I had the" oppor- 
tunity of investigating in some detail certain of the regulatory 
phenomena and conditions determining them in Harenactis atten- 
uata (Torrey, '02). Most of my work on this species was con- 
cerned with restitution and will be presented elsewhere. Certain 
of the data obtained, however, concern certain regulatory changes 
which occur under altered external conditions. Since these are 
of some interest in themselves and are not immediately related 
to restitution, they are presented here, apart from the other data. 

I. The Usual Form and Habit. 

Harenactis attenuata is found in great abundance on the tide 
flats of False Bay and San Diego Bay, living, as Torrey has 
stated (Torrey, '02, p. 384), with the column imbedded in fine 
sand, the axis of the body being perpendicular or nearly so to the 
surface. When the animal is undisturbed the tentacles, twenty- 
four in number, extend laterally over the surface of the sand, 
though very often the tentacles appear as if in two sets, twelve of 
them, alternating with the other twelve, extending more or less 
upward and sometimes curved inward, while the other twelve ex- 
tend laterally and may be curved slightly downward. Often, 
when the body is well distended the column may protrude a short 
distance from the sand. 

Any strong stimulus causes immediate withdrawal of the oral 
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Figs. i-6. 



1 Figs. 1-6 are somewhat less than one half natural size 
three fourths natural size. 



end from the surface, often 
for a distance of several 
inches, and usually more 
or less complete invagina- 
tion of the disc and tentacles. 
As regards size and shape, 
the same individual may 
differ greatly at different 
times, according to the de- 
gree of distension with water 
and of muscular contrac- 
tion. In the condition of 
extreme extension and dis- 
tension, the larger individ- 
uals possess approximately 
the shape diagrammatically 
outlined in Fig. i. 1 Fig. 2 
represents a shape which is 
perhaps nearer the average. 
In general I have found 
that the larger individuals 
are not only absolutely 
but relatively longer than 
the smaller. Apparently 
growth, at least in those 
later stages of development 
which I have observed, is 
chiefly in the longitudinal 
direction. But the length 
differs considerably accord- 
ing to external conditions. 
In certain regions I found 
the animals living in soft 
sand which was underlaid 
at a depth of 20-25 cm. 
by a layer of broken shells. 
Under these conditions the 

other figures are about 
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length of the animals was never much greater than the depth 
of the layer of sand. On the other hand, when they live in a 
sufficiently thick layer of sand they may attain a length of 40-50 
cm. The greatest diameter of the column near the oral end is 
15-25 mm. From this region the column gradually tapers to 
an extremely attenuated proximal portion, which differs greatly 
in length at different times and in different individuals. 

When the animals are removed from their burrows the aboral 
end is usually more or less button-shaped or disc-shaped (Figs. 
1—4) and firmly attached to a bit of shell, a small stone or other 
solid object. It is, in short, structurally and functionally a foot. 
In removing the animals from the sand this foot is often lost, 
since the attenuated region just distal to it is relatively weak. 
Sometimes, if the foot happens to be attached to some object 
near the surface — within 5-10 cm. — the attenuated region may 
be completely absent and the animal may possess something the 
shape of Fig. 10. 

In some cases, however, the foot is not attached to any solid 
object ; under these conditions it may take the forms shown in 
Figs. 5 and 6 or almost any form intermediate between them. 
No well denned adhesive surface is developed in these cases, 
though grains of sand may in some cases adhere to some part of 
the region. These marked differences, occurring under natural 
conditions, suggest that the differentiation of a localized adhesive 
foot is dependent, at least in some degree, upon contact with a 
solid substratum, a suggestion which is confirmed by the facts 
cited below. Such forms of the aboral end as those in Figs. 5 
and 6 undoubtedly result from the failure of this region to come 
into contact with a large solid body. 

The diameter of the disc is scarcely greater than the greatest 
diameter of the column ; the tentacles of large individuals, when 
fully extended may reach a length of 40 mm. 

The circular muscles of the body-wall are strongly developed 
throughout and contraction is often unequal in different parts of 
the body, so that marked constrictions occur. The mesenteries 
bear powerful longitudinal retractor muscles, which are inserted 
distally near the free end of the oesophagus. Contraction of 
these muscles invaginates the disc and tentacles (Fig. 7) and in 
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extreme cases reduces the length of the whole body to a small 

fraction of what it is when fully extended. 

In the condition of extreme contraction following 
some violent stimulus almost all of the water is ex- 
pelled from the enteron, largely through the cinclides, 
and the body-wall contracts until the enteric cavity is 
so reduced that further contraction is practically im- 
possible on account of the bulk of the mesenteries, 
muscles, filaments, and gonads, if present, which now 
fill the enteron. 

II. Regulation Following Removal from Sand. 

In the laboratory the animals were kept in dishes, containing 
water several inches in depth, but without sand. This species is 
exceedingly hardy and will live for months under these condi- 
tions with occasional change of water. In my experiments I kept 
many specimens under these conditions and without food during 
four and a half months, and at the end of this time they were ap- 
parently ia good condition, though smaller than when collected. 
It is under these conditions that the changes to be described occur. 

i . The Earlier Stages of Regulation. 

As long as the animal is in its burrow in the sand the pressure 
upon the body-wall of the water in the enteron is supported in 
large measure by the walls of the burrow, not by the body-wall 
alone. After removal from sand the body never attains the de- 
gree of extension and distension which it may attain in the burrow. 
As in Cerianthus cesluarii (Child, '08), so here, a regulation un- 
doubtedly occurs both as regards the amount of water usually in 
the enteron, and the ability of the body-wall to sustain the pres- 
sure unaided. 

The effect of the altered conditions appears first chiefly in a de- 
crease in length and frequently a slight increase in diameter of 
the column. Figs. 8, 9 and 10 show three common types of the 
shape of the body after twenty-four hours in water without sand. 
There is great variation in the shape of both body and foot at this 
time. In case the foot was originally attached to a bit of shell 
or other solid body it usually frees itself soon after the animal is 
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brought into a vessel without sand. Afterward it may become 
attached to the side or bottom of the vessel or may remain unat- 
tached. Very commonly when the foot is free, the aboral end 
of the body takes the shape of Fig. 8, though forms like Fig. 9 
often appear. In some cases the attenuated posterior region is 
entirely absent and the animal is attached by a disc of nearly the 
same diameter as other parts of the body (Fig. 10), or the aboral 
end may be free and rounded. These various shapes are merely 
the visible expression of various states of contraction or extension 
and change more or less widely in the individual. The most in- 
teresting feature is that the body outside of its burrow never in 
any case, so far as my observations go, extends as completely as 
in the burrow. 




The animals in water without sand very commonly exhibit 
negative geotaxis in some slight degree, though never as strongly 
as Cerianthus (Loeb, '91 ; Child, '03, p. 243). No matter how 
firmly the foot may be attached to the substratum, the animal is 
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not capable of maintaining itself in an erect position in the water, 
so long as it retains the elongated form (e. g., as in Figs. 8-10). 
The geotactic reaction usually manifests itself as in Cerianthus 
by the bending of the body which lies on the bottom of the dish, 
so that the disc lies in the horizontal plane and the axis of the 
body immediately below it is vertical. The reaction proceeds no 
further, apparently because the body is incapable of supporting 
itself erect. This reaction is by no means universal : very fre- 
quently it seems to be almost or wholly absent. Occasionally 
individuals which are strongly contracted longitudinally are found 
standing almost erect in the water, i. e., the body -wall is capable 
under these conditions of supporting itself in the water. 





Fig. 11. 



Fig. 12. 



The decrease in average length continues from day to day in 
water without sand, though of course with many fluctuations, as 
the animal contracts or extends. After a week or two under 
these conditions the animals usually resemble Figs. 1 1 and 1 2 in 
shape. If the foot is attached, the aboral end is usually a flat 
disc as in Fig. 1 2, if it is free, the body is usually a more or less 
rounded sac without any visible demarcation of the foot-region 
(Fig. 11). The attached individuals usually stand more or less 
erect in water, and the unattached lie on their sides. In most 
cases the free individuals lying on their sides show little or no 
reaction to gravity, but the absence of the visible reaction is prob- 
ably due merely to the fact that the stimulus is not sufficient to 
induce bending of the column in its shortened condition. If 
these individuals happen to become attached they often become 
erect. 
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The body-wall usually shows numerous transverse wrinkles 
and folds at this stage of regulation, but these gradually dis- 
appear with time. 

2. The Later Stages of Regulation. 

Any distinction between the earlier and later stages of this 
regulation must be more or less arbitrary. The important point, 
however, is that what is at first merely a condition of partial 
contraction and capable of rapid alteration under changed con- 
ditions, becomes, in consequence of partial atrophy of certain 
parts and other changes, a relatively permanent form. The 
transition from the one condition to the other is of course gradual 
and proceeds at different rates in different parts. 

The first directly visible indication of atrophy occurs at the 
tips of the tentacles. In Cerianthus (Child '04</, '05) such 
atrophy of the tips of the tentacles occurs when the internal 
pressure due to water in the enteron decreases, and as will 
appear elsewhere, the same process occurs in Harenactis under 
similar conditions. In the present case the tentacle-atrophy is 
undoubtedly a consequence of the decreased internal water 
pressure which follows removal from the burrow. Usually the 
tentacles underwent reduction to about half their original length 
during the four and a half months of the experiments, though 
individual differences were of course considerable. 

As noted above, the transverse folds and wrinkles of the body- 
wall gradually disappear. Extensive regulatory changes occur 
throughout the body-wall. In Cerianthus regions of the body- 
wall which are sharply folded or contracted for any considerable 
time undergo more or less atrophy (Child, '05, '08) while on the 
other hand stretched regions grow. The present case is similar : 
undoubtedly more or less atrophy occurs throughout the body- 
wall in consequence of the decreased distension, but the atrophy 
is greatest in those regions where the conditions depart most 
widely from the original conditions of distension, viz., in the 
folds. The tissue of these parts is not functioning or is function- 
ing only in slight degree, and its substance probably undergoes 
resorption in consequence of the demand of other more actively 
functioning parts for nutrition. 
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Another marked though gradual change which occurs is in the 
longitudinal retractor muscles. Contraction and invagination of 
the oral end is usually rapid and considerable in amount in ani- 
mals newly removed from their burrows, but as the length of the 
body decreases this reaction becomes less and less marked. 
Animals in the condition of Figs, n and 12 are usually inca- 
pable of complete invagination of the disc, no matter how powerful 
the stimulus. Usually invagination does not include more than 
the basal half or perhaps two thirds of the tentacles in such cases, 
though originally the disc and tentacles could be withdrawn far 
into the body. 

Two factors are probably concerned in this decrease of the 
power of invagination of the oral end : in the first place, the re- 
tractor muscles are undoubtedly undergoing atrophy from disuse, 
since as the body decreases in length their functional activity is 
much reduced ; and secondly, the enteron is much smaller than 
it was originally and, as can readily be shown by opening one of 
these reduced specimens, is almost wholly occupied by the mes- 
enteries with their muscles and filaments, and the gonads, if they 
are present, leaving but little space for water. Consequently 
when contraction occurs, decrease in size can occur only to the 
extent that water is expelled. In these specimens, after the ex- 
pulsion of the small amount of water present, the body is essen- 
tially a sac packed full of tissues and no further contraction is 
possible unless parts of these are extruded, which does not com- 
monly occur in Harenactis. 

Some of the different individual shapes after four and a half 
months of life outside of a burrow are shown diagrammatically in 
Figs. 13—16. Fig. 13 represents a type very common in my ex- 
periments. These specimens have apparently lost all power to 
attach themselves and the aboral end shows no trace of a distinct 
foot-region. The whole body is merely a rounded sac with but 
little power of elongation or of contraction, and invagination of 
the oral end does not proceed beyond a slightly decreased diam- 
eter and increased concavity of the disc. Animals of this shape 
occur chiefly among those whose attachment to the bottom of the 
dish has often been disturbed, e. g. y by changing the water or by 
examination for other purposes. I am inclined to believe that 
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many of these individuals have completely lost the power of at- 
taching themselves, though it is possible that the sac-like form of 
the body is responsible for their failure to attach, since the aboral 
region usually does not come into contact with the substratum. 
Figs. 14 and 15 show other cases, in which the decrease in 
length is still greater, but in which the aboral end is more flat- 
tened and still retains the power of attachment. These cases 
illustrate the conditions usually found when the attachment to the 
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Figs, i-t-16. 



substratum is less frequently disturbed. Although a flattened 
aboral region of greater diameter than any other part of the body 
is present, attachment does not always occur over the whole sur- 
face ; apparently, however, any part of the surface is capable of 
serving as the organ of attachment, the animals being attached 
in some cases by a small region in the middle of the flattened 
surface (Fig. 1 5), and in other cases by some part or parts of its 
margin (Fig. 14). In fact the region of actual attachment may 
differ at different times in the same individual. 
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The form that is in some respects of greatest interest is shown 
in Fig. 16. In such cases the body is usually attached over more 
or less of the flattened aboral surface, though occasionally such 
forms appear without actual attachment, provided the body is 
broad enough to stand upright on its aboral end. Apparently the 
mere contact without attachment is sufficient to bring about more 
or less flattening of the aboral end. In these flattened forms the 
power of invagination of the oral end is almost entirely absent. 
Violent stimulation may bring about a slight temporary increase 
in the flattening, with perhaps some depression of the oral region 
which does not amount to actual invagination. 

The interesting feature in these cases is that the originally 
greatly elongated, attenuated body has acquired a form almost 
exactly similar to that of those actinians which are normally sessile 
on the surfaces of rocks, etc. The ability to retract the oral end has 
been almost or wholly lost, but from certain observations toward 
the conclusion of my experiments, it seems not impossible that in 
the further course of regulation this power may be regained to a 
greater or less extent. These observations were simply that 
many individuals seemed to possess a greater power of retraction 
of the oral end after four and a half than after three and a half 
months. If this difference is real it may be due either to the 
regulation of the longitudinal muscles so that further contraction 
is possible, or to regulatory decrease in the bulk of mesenteries, 
filaments, etc., or to both factors. The volume of the retractor 
muscles very evidently decreases during the regulation, and 
it is extremely probable that the other parts, being folded and 
packed together so much more closely than originally, undergo 
more or less atrophy. In short, it appears almost certain, though 
the length of time covered by my experiments is insufficient for 
a demonstration, that Harenactis attenuate/, may, in altered envi- 
ronment, acquire most of the characteristics of those actinians 
which are normally sessile on surfaces exposed to the water. 

Individuals removed from their burrows and placed upon the 
surface of the sand usually succeed in working their way back 
into it by means of the attenuated aboral end which acquires the 
form of Fig. 6 under these conditions. After the regulation 
has occurred, however, they appear to be absolutely incapable 
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of extending sufficiently to insert the aboral end in the sand, or 
else they have lost their earlier method of reaction. Whichever 
the case, animals like Figs. 13-16 have never been observed to 
enter the sand and resume their original habit, after being placed 
on the surface of sand or even being imbedded in it. In the 
latter case they usually work their way out of the sand in a few 
hours and lie on its surface. It seems probable, however, that 
if they could be kept imbedded in the sand for a considerable 
length of time, more or less, perhaps complete return to the 
original form and habit might occur. Further experiment is 
necessary to determine this point. 

3. The " Foot" of Harenactis. 

In the figures showing the foot, the region actually attached to 
the substratum is indicated by a heavier line. As the figures show 
at once, this region is extremely variable in extent : in Figs. 5 
and 6 there is no distinct region of attachment, in Figs. 1 
and 2 the region of attachment is a very small area, in Figs. 3 
and 4 it is somewhat larger, in Figs. 10 and 12 it is a disc almost 
equal in diameter to the other regions of the column, and finally 
in Fig. 16 its diameter is much greater than that of any other 
part of the body. In Figs. 14 and 15 only a small part of the 
flattened aboral surface is attached, the region of attachment 
being in the one case in the middle and in the other on the 
margin. In Fig. 13 there is no trace of an adhesive region, and 
individuals of this sort which have been unattached during sev- 
eral weeks appear to be unable to attach themselves again, even 
if placed with the aboral end in contact, though it is probable 
that they might again acquire the power of attachment after a 
time. 

The foot-region is not markedly different anatomically from the 
other parts of the body-wall. When an attached region is freed 
and examined it usually appears somewhat more transparent than 
other regions, but otherwise essentially similar to them. Never- 
theless the region of the body within which attachment may occur 
is more or less sharply limited. Individuals which lie on their 
sides in the dishes do not become attached unless the region in 
contact with the dish is near the aboral end, in which case they 
may sometimes attach themselves. 
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We may conclude then that a more or less well defined aboral 
region of the body is usually capable of reacting to contact with 
solid objects by adhesion. Only those parts of this surface which 
are or have very lately been in actual contact are adhesive at any 
given time. 

But the limits of the region within which reaction to contact by 
adhesion is possible may vary very considerably, as the obser- 
vations above cited show. At the time of removal from the 
natural habitat the region of attachment is always limited, so far 
as my observations on several hundred individuals go, to a rela- 
tively very small area at the aboral end (Figs. 1-4). Sometimes 
after a day or two in the laboratory animals are found attached 
by a considerably broader area (Fig. 10), but I have never seen 
the slightest indication that regions still farther from the aboral 
pole possessed at this time the power to react in this manner, 
though I have often observed animals with these regions in con- 
tact. But after several months in shallow water without sand in- 
dividuals like Figs. 14, 15 and 16 are of frequent occurrence. In 
these any portion of the broad flattened aboral region is capable 
of reacting to contact by adhesion and sometimes, as in Fig. 16, 
the whole region is involved . In Fig. 16 the radius of this foot- 
region is almost equal to the length of the column oral to it : if 
all parts of the body-wall have undergone atrophy in equal de- 
gree then the foot- region as shown in Fig. 16 consists of what 
was originally the aboral half more or less of the column. It is 
of course impossible to determine whether all parts of the body- 
wall have undergone atrophy in equal degree, but that point 
aside, it is sufficiently evident that the extent of the foot-region 
is very different in Figs. 1 and 16. If the regions of the body 
oral to the small disc of attachment in Fig. 1 were definitely 
specified as regions capable of attachment, we should expect to 
find objects adhering to them, at least occasionally, for they fre- 
quently come into contact with solid objects in the walls of the 
burrow. In some cases I have observed objects adhering to the 
oral as well as to the aboral surface of the disc of attachment, but 
never to regions oral to this. 

In short the differences in extent of the foot-region in extreme 
cases like Figs. 1 and 16 show that the extent of the region 



REGULATION OF HARENACTIS ATTENUATA. 1 3 

capable of the adhesive reaction may be altered very considerably 
by external conditions. It is probable that the adhesion of a given 
region increases the physiological specification of adjoining 
regions in the same direction, so that if these come into contact 
with the substratum they may adhere, and in their turn affect 
other adjoining regions and so on. Under the usual conditions 
of life other reactions, and especially the extension of the body 
to the surface of the sand interfere with the attachment of large 
regions, aborally, so that the disc of attachment usually remains 
very small. But when we eliminate the factor of extension and 
induce instead a shortening of the body, as we do in keeping the 
animals in water without sand, the conditions are favorable, if the 
aboral end is in contact at all, for bringing larger and larger areas, 
into contact and an extension of the actual adhesive region is the 
result. How far such extension might be carried it is impos- 
sible to say. 

On the other hand, cases like that represented in Fig. 13 seem 
to indicate that the aboral region may lose the adhesive reaction 
if it is forced to remain unattached or is detached as often as it 
attaches itself. Individuals like this which had been unattached 
for several weeks or more failed to attach themselves even when 
the aboral region was brought into contact with the bottom of 
the dish and kept there by propping the animal up in an erect 
position. Such evidence is of course negative, but I believe it 
permits at least the conclusion that long continued absence of 
contact decreases the ability of the aboral end to react to contact 
by adhesion. 

4. Conclusion. 

The transformation within a relatively short time of the ex- 
tremely elongated, burrowing type of body into the short, broad 
form characteristic of the sessile actinians is of interest in that it 
indicates the role which external factors play in determining the 
actual shape, and to a considerable extent the size relations of 
different parts. The elongated form is apparently impossible 
without the support afforded by the sand in the burrow. The 
chief factor in bringing about the change in form when the ani- 
mals are removed from the sand is probably a change in disten- 
sion of the body by water in the enteron. In animals kept with- 
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out sand the enteron never contains anything like the amount of 
water that is present when they are fully extended in the burrow. 
In the burrow the whole surface of the body-wall except the oral 
end is supported by the walls of the burrow, and so does not 
support the pressure of the enteric water. The oral region and 
the tentacles are evidently adapted to support a high pressure. 
Outside the burrow, however, the body-wall supports the whole 
pressure and one of several results is to be expected : first, disten- 
tion may increase to a point where pressure of the body-wall upon 
its contents is so great that no more water can enter or where 
water passes out as rapidly as it enters ; second, rupture of the 
body-wall may occur ; third, a regulatory increase in strength or 
regulatory growth of the body-wall may occur; fourth, the en- 
trance of water may be regulated by some mechanism of corre- 
lation. There is every indication that such a mechanism is present 
in the actinians, for distension of the body-wall beyond a certain 
point undoubtedly results in regulation in some degree of the 
quantity of water entering the body, or else in opening the outlets. 
Evidently such regulation occurs in Harenactis for the internal 
pressure in animals outside the burrows never approaches that 
which frequently exists within the burrow. The decrease in 
length of the body, the atrophy of the tips of the tentacles and 
the partial atrophy of the body-wall, the shortening of the retrac- 
tor muscles and mesenteries are all very evidently consequences 
of the decrease in distension. As in Cerianthus (Child, '04, a, b, 
c, d, '05, '08), so here, the body-wall, the tentacles, the muscles, 
and mesenteries cannot maintain their form except under a cer- 
tain degree of tension or stretching. When this decreases atrophy 
occurs to a greater or less extent and more or less change in 
shape may result according to conditions. 

The broad foot-region of some individuals (Fig. 16) is, I be- 
lieve, merely an indirect result of the change in shape which 
makes contact possible over a large area. Undoubtedly a broad 
foot-region would appear normally or occasionally in Harenactis 
if conditions existed within the burrow which permitted con- 
tinued contact between a large aboral area and a solid substratum. 

The transformation from the " normal " elongated form to the 
short, broad "sessile" shape is very evidently a regulatory reac- 
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tion to altered conditions. But the question as to why the 
elongated form is characteristic of animals in nature, i. e., in bur- 
rows, has not been considered. Evidently this shape is not inde- 
pendent of external conditions, for when we alter the conditions 
the shape changes. But why should not the animal take the 
form of a rounded sac or a flattened disc in the sand as well as 
elsewhere ? It is of course easy to say that the form is inherited, 
but besides being no explanation, this is obviously not true in 
this case. 

In my opinion it is impossible to account for the shape of the 
adult Harenactis without considering its behavior. In the first 
place, the burrows of the species are almost invariably vertical 
or nearly so, and the behavior of the animals outside their bur- 
rows indicates a reaction to gravity. If we suppose that a young 
animal entering the sand has sooner or later brought its axis 
approximately into coincidence with the direction of gravity, 
muscular elongation ot the body will undoubtedly occur more 
frequently thereafter in this direction than in any other. This of 
itself is without doubt a factor in determining the shape of species 
without hard parts. After growth in the axial direction has 
begun and the body is more or less elongated, there is less re- 
sistance in the sand to growth in this direction than in any other. 
Moreover, the aboral end is not only an organ of attachment but 
a burrowing organ. So long as the end comes into contact only 
with the soft sand, the animal tends to extend and to force the 
end deeper and deeper. Thus these different factors combine to 
bring about greater growth in the longitudinal than in other 
directions. As was noted above (pp. 2—3), the lengths of the ani- 
mals differ very greatly according to the depth of the layer of 
sand in which they live. The longest individuals I have ever 
found were in sand which was almost free from stones or broken 
shell for a depth of 40-50 cm. and many of the animals living 
there had attained this length and were attached. But these 
animals were not simply more elongated than those living under 
other conditions, they were actually larger. The diameter was 
fully as great as that of the largest specimens found under other 
conditions and in the contracted condition it was clearly evident 
that the individuals from the deep sand possessed much greater 
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bulk than those from shallow sand. It is scarcely probable 
that the difference was due to difference in nutrition, for so far as 
it was possible to judge, the region of deep sand was much more 
barren of life and organic matter than the other. I think there 
can be no doubt that growth in the longitudinal direction is stim- 
ulated " functionally " so long as the aboral end does not come 
into contact with some solid surface to which it can attach. 

In animals which possess no hard parts and in which muscles 
and supporting tissues form an important part of the body, the 
shape of the body, the direction of growth, and the relative size 
of various parts, must be determined, at least in large measure, 
by the functional conditions accompanying muscular contraction 
and by other mechanical factors. These factors may act either 
directly, as deforming factors, or indirectly through the " func- 
tional " stimulus, or they may act in both ways. Such species 
determine their own form in greater or less degree by their be- 
havior. If we alter experimentally the character or energy of 
their reactions some more or less extensive morphological change 
is likely to occur. In such cases it is merely the capacity for re- 
action that is given in the germ, i. e., inherited. The actual 
result in any given case depends on the internal and external 
conditions of development. 

In the "Studies on Regulation" I have discussed the signifi- 
cance of certain mechanical and " functional " factors for the 
shape and certain other features of the structure of turbellaria, and 
in "Form Regulation in Cerianthus" for this form. The regula- 
tion of Harenactis in altered environment shows very clearly that 
similar factors are important in determining shape and other 
structural relations in this species, and the importance of these 
factors will appear still more clearly from the data of restitution. 
Hull Zoological Laboratory, 
University of Chicago, 
October, 1908. 



REGULATION OF HARENACTIS ATTENUATA. \J 

BIBLIOGRAPHY. 
Child, C. M. 

'03 Form Regulation in Cerianthus. I. The Typical Course of Regeneration. 
Biol. Bull., Vol. V., No. 5, 1903. 

'04a Form Regulation in Cerianthus. IV. The R6le of Water-pressure in Re- 
generation. Biol. Bull., Vol. VI., No. 6, 1904. 

'04b Form Regulation in Cerianthus. V. The R61e of Water- pressure in Re- 
generation : Further Experiments. Biol. Bull., Vol. VII., No. 3, 1904. 

'04c Form Regulation in Cerianthus. VI. Certain Special Cases of Regulation 
and their Relation to Internal Pressure. Biol. Bull., Vol. VII., No. 4, 1904. 

'o4d Form Regulation in Cerianthus. VII. Tentacle-Reduction and other Ex- 
periments. Biol. Bull., Vol. VII., No. 6, 1904. 

'05 Form Regulation in Cerianthus. VIII. Supplementary Partial Discs and 
Heteromorphic Tentacles. Biol. Bull., Vol. VIII., No. 2, 1905. 
Loeb, J. 

'gi Untersuchungen fiber physiologischen Morphologie der Thiere. I. Ueber 
Heteromorphose. Wfirzburg, 1 891. 
Torrey, H. B. 

'02 Papers from the Harriman Alaska Expedition. XXX. Anemones, with 
Discussion of Variation in Metridium. Proceedings of the Washington 
Academy of Sciences, Vol. IV. , 1902. 



